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(54) (Title of the invention) Electrode for electrochemical machining and dynamic bearing manufactured using said electrode 



(57) (Abstract) 

(Problem) To provide an electrode for electrochemical machining [see source for figure] 

which has high adhesive strength of the insulating film to the sub- 
strate and can stably maintain a specific machining precision over a 
long period of time and has high machining efficiency, and to provide 
a dynamic bearing manufactured with said electrode. 
(Solution) An electrodeposition coating film 2a using electrodeposi- 
tion coating is formed as the insulating film 2 covering the 
depressions lb formed in the regions of the electrode (electrode tool) 
surface other than the conductive areas la. This electrodeposition 
coating film 2a makes it difficult for electrolyte to penetrate to the 
surface of adhesion of said film to the substrate 1 , preventing peeling 
and the like and allowing a specific machining precision to be stably 
maintained. Furthermore, by employing electrochemical machining 
using the electrode tool of the present invention for formation of dy- 
namic grooves of dynamic bearing devices which require higji 
precision machining, it is possible to reduce work for replacing the 
electrode tool or the like due to peeling, etc. of the insulating film, as 
well as reducing the occurrence of defects, etc., making it possible to 
achieve an overall cost reduction for dynamic bearings assembled 
with these components. 
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(Scope of patent claims) 

(Claim 1) An electrode for electrochemical machining 
whereby a work piece, on the surface of which depressions are 
to be formed, and an electrode comprising conductive areas 
formed in a specific pattern on the surface of a conductive sub- 
strate are immersed facing each other into an electrolyte 
solution, the work piece and electrode are connected respec- 
tively to the positive pole and negative pole of a machining 
power supply and current is passed through them to form de- 
pressions on the work piece surface corresponding to the 
conductive area pattem of the electrode, distinguished in that: 
an electrodeposition coating film is formed as the insulating 
film on the regions of the aforementioned electrode's surface 
other than the aforementioned conductive area pattem. 
(Claim 2) An electrode for electrochemical machining as set 
forth in Claim 1, distinguished in that the aforementioned insu- 
lating film is formed fi:om the aforementioned electrodepo- 
sition coating film and a nonconductive material film formed 
on top of this electrodeposition coating film. 
(Claim 3) An electrode for electrochemical machining as set 
forth in Claim 1 or 2, distinguished in that the electrode sur- 
face conq)rising the aforementioned insulating film and 
aforementioned conductive areas is formed into a substantially 
flat surface, 

(Claim 4) En electrode for electrochemical machining as set 
forth in Claim 1, 2 or 3, distinguished in that the conductive 
substrate of the aforementioned electrode is an austenitic 
stainless steel. 

(Claim 5) A dynamic bearing whereby a plurality of dynamic 
grooves is formed on one of the facing surfaces of two ele- 
ments arranged to be rotatable relative to each other, pressure 
is generated by these dynamic grooves during relative rotation 
of said two elements on a lubricating fluid filled into the space 
between the aforementioned facing surfaces, and said two ele- 
ments are supported out of contact, distinguished in that: 
the aforementioned dynamic grooves are formed by electro- 
chemical machining using an electrode as set forth in Claim 1, 
2, 3 or 4. 

(Detailed description of the invention) 
(0001) 

(Technical field of the invention) The present invention relates 
to electrodes used in electrochemical machining and to dy- 
namic bearings; more specifically, it relates to electrodes for 
electrochemical machining capable of maintaining the machin- 
ing o f d epressions for d ynamic g rooves o r t he 1 ike a t a high 
precision over a long period of time; it also relates to dynamic 
bearings manufactured using said electrodes. 
(0002) 

(Prior art) Electrochemical machining used for machining 
metal surfaces is a machining method whereby an electrode 
(hereinafter referred to as electrode tool) having a conductive 
area in a shape corresponding to the shape to be machined is 
arranged in the vicinity of and facing the surface of a work 
piece inside an electrolyte solution such as table salt water or 
sodium sulfate aqueous solution, and electric current is made 
to flow between the electrode tool and work piece to electro- 
chemically dissolve the work piece surface and form a carved- 
in shape (depression) corresponding to the conductive area 
pattem of the electrode tool. 

(0003) Electrochemical machining, as is publicly known from 
Unexamined Patent Application Publication H9- 192932, Un- 
examined Patent Application Publication HI 0-86020, etc., is a 
machining technique which involves securing the electrode 
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tool and work piece at a specific spacing (machining gap), and 
performing machining by causing electric current to flow, us- 
ing a preset total quantity of electricity impressed as the target 
value, while circulating an electrolyte solution, and has come 
to be frequently used in recent years for machining of fine sur- 
face shapes. In particular, for dynamic grooves of dynamic 
bearing devices used in mechanisms that require high speed 
and high precision rotation, such as hard disk drives, since a 
high precision of ±0.05 [im is required for the groove depth, 
electrochemical machining, which permits high precision ma- 
chining, is favorably employed for the machining thereof. 

(0004) The electrode tools used for such electrochemical ma- 
chining often have a structure employing a conductive 
substrate consisting of metal such as copper or iron alloy or the 
like, with a portion of the substrate surface being exposed in 
the machining pattem and the region outside the machining 
pattem being covered with a nonconductive material (insulat- 
ing film). 

(0005) Figure 6 is a schematic cross-section illustrating the 
stmcture of a conventional electrode tool used for electro- 
chemical machining of fine surface shapes. Regarding the 
constitution of the electrode tool, what has been mainly used is 
either electrode tools of a structure as shown in Figure 6 (a), 
whereby a uniform resist film consisting of nonconductive 
resin material is formed on the surface of a metal substrate 1 1, 
after which an insulating film 12 is formed by curing the por- 
tion outside of the machining pattem by photolithography, heat 
or the like and removing the uncured machining pattem por- 
tion, with the exposed surface of the substrate 1 1 being used as 
the conductive area 11a, or electrode tools of the stmcture as 
shown in Figure 6 (b), whereby the area of the substrate 11 
surface except for the machining pattem is cut way by etching 
of the like, nonconductive resin material is filled into the 
formed depressions 1 lb and cured to form an insulating film 
13, and the exposed surface of the substrate 11 is used as the 
conductive area 1 la. With both of the above types of electrode 
tools, the work piece that is to undergo electrochemical ma- 
chining is arranged facing the electrode tool at a specific 
spacing (machining gap) from the bottom thereof as illustrated, 
where the conductive areas 11a are located. 

(0006) 

(Problem to be solved by the invention) Now, in electrodes 
(electrode tools) used for electrochemical machining of fine 
surface shapes as described above, the insulating film outside 
the machining pattem is also fine, so the strength of adhesion 
to the substrate of the nonconductive material (insulating film) 
used for this purpose tends to be weak, so there has been the 
problem of the insulation peeling due to the effect of electro- 
lyte solution that flows during electrochemical machining. 

(0007) In the prior art, the nonconductive resin material used 
for such insulating film has frequently been cured by ultravio- 
let rays, heat or the like, and its adhesion to the conductive 
substrate used in the electrode tool has generally been low. 
Furthermore, when copper metals are used for the substrate, 
the adhesion to the nonconductive resin material is further 
lowered by the oxides that form of the substrate surface. 

(0008) Moreover, since electrochemical machining of such 
fine surface shapes is performed by placing the electrode tool 
and work piece at a narrow machining gap, the shear forces 
received by the insulating film formed on the walls of this gap 
from the flow of the electrolyte solution are substantial. In the 
case of electrode tools of the type where the insulating fihn 12 
protmdes from the surface, as shown in Figure 6 (a), the finer 
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the machining pattern, the weaker the adhesion between the 
substrate 11 and nonconductive material, and the higher the 
mcidence of peeling of the insulating film 12. Furthermore, in 
the case of electrode tools of the type where insulating film 13 
is filled into cut-away depressions lib and the surface is sub- 
stantially flat, as shown in Figure 6 (b), while there is little 
susceptibility to the effect of forces accompanying the flow of 
electrolyte solution, the problem of the electrolyte solution 
gradually penetrating to tfie boundary between the insulating 
film 13 and substrate 11 and the insulating fihn ultimately 
peeling off cannot be avoided. 

(0009) When such peeling of the insulating film occurs, it be- 
comes impossible to accurately transfer the machining pattem 
to the work piece, and furthermore the problem of the machin- 
ing gap between the electrode tool and the work piece 
becoming clogged with peeled off pieces of the insulating film 
arises. This clogging with peeled off pieces partially obstructs 
the flow of electrolyte solution, causing defects of the ma- 
chined shape in those areas, which governs the yield of the 
final product using the work pieces as con^onents, i.e. of the 
dynamic bearings or the like. Moreover, in tiie worst case, this 
clogging with peeled off pieces can cause some sort of electri- 
cal short, damaging both the electrode tool and the work piece 
and necessitating work to replace them. 

(0010) The present invention was made in view of this situa- 
tion, and has the objective of providing an electrode for 
electrochemical machining which has high adhesion of the 
insulating film to the substrate, allows a specific machining 
precision t o b e s tably maintained o ver a long p eriod oft ime 
and has high machining efficiency, as well as providing a dy- 
namic bearing manufactured using said electrode. 

(0011) 

(Means of solving the problem) To achieve the aforementioned 
objective, in the invention described in Claim 1, the electrode 
for electrochemical machining, whereby a work piece, on the 
surface of which depressions are to be formed, and an elec- 
trode comprising conductive areas formed in a specific pattem 
on the surface of a conductive substrate, are immersed facing 
each other into an electrolyte solution, the work piece and elec- 
trode are connected respectively to the positive pole and 
negative pole of a machining power supply and current is 
passed through them to form depressions on the work piece 
surface corresponding to the conductive area pattem of the 
electrode, is distinguished in that an electrodeposition coating 
film is formed as the insulating film on the regions of the 
aforementioned electrode's surface other than the aforemen- 
tioned conductive area pattem. 

(0012) The present invention seeks to achieve the desired ob- 
jective by forming the insulating film that covers regions of the 
substrate surface other than the conductive area pattem in the 
electrode (electrode tool) used for electrochemical machining 
by means of electrodeposition coating using an electrodeposi- 
tion coating material. Electrodeposition coating, which is used 
for the exterior trim of car bodies and the like, has good adhe- 
sion to the underlayer as well as high durability and chemical 
resistance, and is fiirthermore a simple process and thus allows 
fabrication at low cost. 

(0013) Namely, according to the invention relating to Claim 1, 
by using a film consisting of an electrodeposition coating ma- 
terial as the insulating film covering the regions of the 
electrode (electrode tool) surface other than the conductive 
areas, the strength of adhesion to the substrate is increased 
con^ared to that of the nonconductive resin film used in con- 
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ventional electrode tools of this type. Furthermore, this 
insulating film makes it difficult for electrolyte solution to 
penetrate to the surface of adhesion with the substrate, prevent- 
ing the occurrence of peeling and the like and making it 
possible to maintain the machining pattem on the electrode 
tool surface over a long period of time. Therefore, the elec- 
trode for electrochemical machining of the present invention, 
by allowing a specific machining precision to be stably main- 
tained, makes it possible to efficiently inq)lement the 
machining of fine shapes. 

(0014) Furthermore, die invention described in Claim 2 is dis- 
tinguished in that the aforementioned insulating film is formed 
from the aforementioned electrodeposition coating film and a 
nonconductive material film formed on top of this electrode- 
position coating film. 

(0015) A film formed by electrodeposition, in terms of the 
process involved, is considered to allow forming of a film 
thickness of tens of [un, and forming a film consisting of a 
different new nonconductive resin material on top of the elec- 
trodeposition coating film, as in the invention relating to Claim 
2, makes it is possible to form an insulating film of greater film 
thickness. Furthermore, this covering of the electrodeposition 
film with a different nonconductive material involves placing 
resin on top of resin, so the compatibility is better, adhesion is 
higher and the result is less prone to peeling compared to when 
the substrate is directly coated with the nonconductive mate- 
rial. Therefore, the insulating film formed according to this 
arrangement combines the prevention of damage such a peel- 
ing with the electrolyte penetration preventing effect of the 
electrodeposition coating film formed on the substrate surface. 

(0016) The shape of the electrode surface consisting of the 
aforementioned insulating film and the aforementioned con- 
ductive areas is preferably substantially flat (Claim 3). 

(0017) According to the invention relating to Claim 3, level 
differences between the insulating film and the conductive 
areas of the electrode tool siuface are substantially eliminated, 
making it possible to further reduce the shear forces received 
by the insulating film due to flow of the electrolyte solution, 
lliis sort of substantially flat surface shape can be imple- 
mented by performing polishing or the like on the surface of 
the electrode tool after formation of the electrodeposition coat- 
ing film or the nonconductive material film that is formed over 
the electrodeposition coating film. Furthermore, making the 
electrode tool surface flush allows the electrolyte to flow 
smoothly, which is favorable in that it promotes a stable elec- 
trochemical reaction and has the effect of inqjroving 
machining precision. 

(0018) Furdiermore, austenitic stainless steel can be favorably 
employed as the material of the conductive substrate of the 
aforementioned electrode (Claim 4). 

(0019) According to the invention relating to Claim 4, an aus- 
tenitic stainless steel is used as the material of the substrate and 
an insulating film consisting of an electrodeposition coating 
film is formed on the substrate surface, which makes for a du- 
rable electrode tool, since the strength of adhesion between the 
insulating film and substrate is high and the substrate itself has 
corrosion resistance against chemicals and the like. 

(0020) Moreover, the invention relating to Claim 5 is a dy- 
namic bearing whereby a plurality of dynamic grooves is 
formed on one of the facing surfaces of two elements arranged 
to be rotatable relative to each other, pressure is generated by 
these dynamic grooves during relative rotation of said two 
elements on a lubricating fluid filled into the space between 



the aforementioned facing surfaces, and said two elements are 
supported out of contact, distinguished in that the aforemen- 
tioned dynamic grooves are formed by electrochemical 
machining using an electrode as set forth in Claim 1 , 2, 3 or 4. 
(0021) Namely, by employing electrochemical machining us- 
ing the electrode tool of the present invention for formation of 
dynamic grooves which require high precision machining, it is 
possible to efficiently manufacture the dynamic bearing com- 
ponents with a specific machining precision. Moreover, work 
for replacing electrode tools due to peeling of the insulating 
film or the like is reduced, as is the occurrence of defects and 
the like, making it possible to achieve an overall cost reduction 
for the dynamic bearings assembled using these conponents. 
(0022) 

(Modes of embodiment of the invention) Below, modes of 
embodiment of the present invention are described while refer- 
ring to the drawings. Figure 1 is a schematic cross-section 
illustrating the structure of an electrode tool in a first mode of 
embodiment of the present invention. Figure 2 is a schematic 
illustrating the manufacturing method of said electrode tool. 
An actual electrode tool has a con^lex shape as a whole, so in 
order to avoid the description becoming too con^licated, the 
constitution has been abbreviated and simplified with respect 
to parts that do not face the work piece and are not involved in 
electrochemical machining. 

(0023) In this electrode tool, die surface of the conductive sub- 
strate 1 which faces the work piece (the bottom surface as 
illustrated in Figure 1) is covered with an insulating film 2 so 
that only the conductive areas la forming the machining pat- 
tem are exposed. This insulating film 2 is formed by means of 
an electrodeposition coating film 2a diat is filled into the de- 
pressions lb formed in the areas outside of the machining 
pattem. 

(0024) Regarding the manufacturing method for this electrode 
tool, as shown in Figure 2, first, depressions lb of a specific 
shape are formed m the region outside of the machining pat- 
tem (conductive areas) la on the surface of the conductive 
substrate 1 which faces the work piece (the top surface in Fig- 
ure 2 (a)) (Figure 2 (b)). Cupric, ferrous or other metals are 
used as the material of the substrate 1; among these, austenitic 
stainless steel (SUS 303, 304, etc.) is preferable. For the 
method of forming depressions lb in such a substrate 1, etch- 
ing, electrochemical machining, mechanical machining, laser 
machining, electrical discharge machining, shot blasting or 
other methods can be used. 

(0025) Next, the substrate 1 with depressions lb formed 
thereon is subjected to substrate treatment to prepare for appli- 
cation of electrodeposition coating. The substrate treatment 
involves a degreasing and cleaning process following by con- 
version treatment of the surface of the substrate 1. This 
conversion treatment is commonly used as a substrate treat- 
ment prior to electrodeposition coating of ferrous and other 
metals, and has the effect of removing oxidation film fi*om the 
metal surface and improving corrosion resistance. For the con- 
version treatment in this mode of embodiment, in 
consideration of adhesion to resins and the like, chromating or 
Parkerizing (phosphate type or manganese phosphate type) is 
used. A conversion treatment film (not illustrated) several ^m 
thick is formed on the surface of the substrate 1 tiiat has been 
conversion treated in this manner, which has the effect of im- 
proving adhesion of the subsequently formed electrodeposition 
coating film. 

(0026) The substrate-treated substrate 1 is immersed into an 
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electrodeposition coating bath to perform electrodeposition 
coating (Figure 2 (c)). Electrodeposition coating has the char- 
acteristic of allowing a uniform coating to be applied over the 
entirety of a complexly shaped surface. Consequently, the 
electrodeposition coating film 2a can be formed so as to uni- 
formly fill in fine shapes such as the depressions lb. For the 
resin ( electrodeposition c oating material) used i n t he e lectro- 
deposition coating, an epoxy resin, urethane resin or polyimide 
resin can be favorably employed, taking into consideration the 
withstand voltage involved in electrochemical machining and 
corrosion resistance against electrolyte solution. A film is 
formed from the electrodeposition coating material on the sur- 
face of the electrode tool by electrifying the electrode tool as a 
positive p ole i n t he c ase o f a nionic e lectrodeposition c oating 
materials or as a negative pole in the case of cationic electro- 
deposition coating materials. Furthermore, the substrate 1 with 
an electrodeposition coating material film formed thereon is 
subjected to an oven or other heating process for complete 
filming and curing of the electrodeposition coating film 2a, 

(0027) The substrate 1 with an electrodeposition coating film 
2a formed on its surface is then subjected to polishing or the 
like to remove the electrodeposition coating film 2a from the 
conductive areas la of the surface and expose a machining 
pattem on the substrate 1 siu-face, allowing an electrode tool to 
be obtained having a flush surface consisting of conductive 
areas la and insulating film 2 (Figure 2 (d)). 

(0028) According to the above arrangement, since the elec- 
trode tool in the present mode of embodiment uses an 
electrodeposition coating film 2a as the insulating film 2, the 
strength of adhesion between the substrate 1 and insulating 
film 2 is increased and penetration of electrolyte solution to the 
surface of adhesion to the substrate is prevented. Furthermore, 
there is no level difference between the conductive areas la 
and the insulating film 2, and the insulating film 2 receives 
substantially no shear forces due to the flow of the electrolyte 
solution. Therefore, the electrode tool in the present mode of 
embodiment allows damage due to peeling of the insulating 
film 2 or the like to be prevented and allows the machining 
pattem on the tool surface to be maintained at high precision 
over long periods of time. 

(0029) Next, a second mode of embodiment of the present m- 
vention will be described. Figure 3 is a schematic cross-section 
illustrating an electrode tool in the second mode of embodi- 
ment. In this electrode tool as well, the surface of the 
conductive substrate 1 which faces the work piece (the bottom 
surface as illustrated) is covered with an insulating film 2 so 
that only the conductive areas la forming the machining pat- 
tem are exposed. The point of difference from the first mode 
of embodiment is that this insulating fibn 2 consisting of an 
electrodeposition coating film 2a is formed in the regions out- 
side the machining pattem so as to protmde from the surface. 

(0030) The insulating fihn 2 of the electrode tool in the present 
mode of embodiment is also formed by fundamentally the 
same electrodeposition coating method as in the first mode of 
embodiment. However, no depressions are formed in the sur- 
face of the substrate 1. First, substrate treatment to prepare for 
electrodeposition coating is performed on the entire surface of 
the substrate 1 that faces the work piece. Then electrodeposi- 
tion coating is performed over the entire substrate-treated 
surface of the substrate 1, which then goes through a heating 
process, thereby creating an electrodeposition coating film 2a. 
By this method, an electrodeposition coating film 2a having 
the same features as in the first mode of embodiment is formed 



over the entirety of the surface that faces the work piece. The 
method of exposing the conductive areas la to the surface in- 
volves protecting the electrodeposition coating film 2a in the 
regions outside the machining pattern in advance using a 
masking means or the like, and dien removing the electrode- 
position coating film 2a over the machining pattern by shot 
peening or the like. 

(0031) Based on the above constitution, the electrode tool in 
the present mode of embodiment has high strength of adhesion 
between the substrate 1 and the insulating film 2, just as in the 
first mode of embodiment. Furthermore, it is difficult for the 
electrolyte solution to penetrate to the adhesion surface, and 
peeling of the insulating film 2 is prevented. Therefore, dam- 
age due to peeling of the insulating film 2 or the like can be 
prevented and the machining pattern on the electrode tool sur- 
face can be maintained at high precision over long periods of 
time. 

(0032) Next, a third mode of embodiment of the present inven- 
tion will be described. Figure 4 is a schematic cross-section 
illustrating the structure of an electrode tool in the first mode 
of embodiment of the present invention, and Figure 5 is a 
schematic illustrating the manufacturing method thereof. In 
this electrode tool as well, the surface of the conductive sub- 
strate 1 which faces the work piece (the bottom surface as 
illustrated in Figure 4) is exposed only in the conductive areas 
la that form the machining pattern, and the depressions lb 
formed in the other areas are covered with an insulating film 3. 
The point of difference fi-om the first mode of embodiment is 
that this insulating film 3 is formed fi-om an electrodeposition 
coating film 3a and a nonconductive material film 3b that cov- 
ers the top of said film 3a. 

(0033) The constitution of the electrode tool in the present 
mode of embodiment is applicable in cases where a greater 
film thickness of the insulating film is required than can be 
formed by electrodeposition coating; it is manufactured using 
basically the same electrodeposition coating method as in the 
first mode of embodiment. As shown in Figure 5, just as in the 
first mode of embodiment, depressions lb of a specific shape 
are formed in the regions outside of the machining pattern 
(conductive areas) la on the surface of the conductive sub- 
strate 1 which faces the work piece (the top surface in Figure 5 
(a)) (a). Austenitic stainless steel (SUS 303, 304, etc.), which 
has excellent corrosion resistance, is favorably used as the ma- 
terial of the substrate 1. Furthermore, the depressions lb can 
be formed using methods such as etching, electrochemical ma- 
chining, mechanical machining, laser machining, electrical 
discharge machining or shot blasting, 

(0034) Next, the substrate 1 with depressions lb formed 
fliereon is subjected to substrate treatment to prepare for appli- 
cation of electrodeposition coating. The substrate treatment, 
just as in the first mode of embodiment, involves a degreasing 
and cleaning process following by conversion treatment such 
as chromating or Parkerizing. Electrodeposition coating is fur- 
thermore performed on the substrate-treated substrate 1, which 
then passes through a heating process to cure the electrode- 
position coating film 3a (Figure 5 (b)). For the resin 
(electrodeposition coating material) used in the electrodeposi- 
tion coating, epoxy resin, urethane resin or polyimide resin is 
favorably employed, taking withstand voltage and corrosion 
resistance into consideration. 

(0035) Subsequently, in the present mode of embodiment, a 
film 3b consisting of another nonconductive resin material is 
formed over the electrodeposition coating film 3a (Figure 5 
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(c)). There is no particular restriction on the nonconductive 
resin material used here, but this resin is preferably selected 
taking adhesion to the previously formed electrodeposition 
coating film 3a (conqjatibility) into consideration. For example, 
if the electrodeposition coating film 3a is formed from an ep- 
oxy resin, it would be preferable to similarly use an epoxy 
resin, or if the electrodeposition coating film 3a is formed from 
a urethane resin, it would be preferable to similarly use a ure- 
thane resin. Furthermore, for the method of laminating the 
nonconductive material film 3b onto the electrodeposition 
coating film 3a, photoresist, spraying, bar coating or other 
coating techniques may be selected as appropriate in accor- 
dance with the resin used. 

(0036) The substrate 1 with the nonconductive material film 3b 
formed on its surface is then subjected to polishing or the like 
to remove the nonconductive material film 3b and electrode- 
position c oating film 3 a f rom t he c onductive a reas 1 a o f t he 
surface and expose a machining pattern on the substrate 1 siu-- 
face, allowing an electrode tool to be obtained having a flush 
surface consisting of conductive areas la and insulating film 3 
(Figure 5 (d)). 

(0037) Based on the above constitution, the electrode tool in 
the present mode of embodiment has high strength of adhesion 
between the substrate 1 and the electrodeposition coating film 
3a, and the strength of adhesion between the electrodeposition 
coating film 3a and the nonconductive material film 3b formed 
over it is likewise high. Thus, it is difficult for electrolyte solu- 
tion to penetrate to the boundaries between them and the 
occurrence of damage such as peeling is reduced. Furthermore, 
just as in the first mode of embodiment, the surface is flush, 
and the insulating film 3 substantially does not receive shear 
forces due to flow of the electrolyte solution. Therefore, the 
electrode tool of the present mode of embodiment also allows 
damage due to peeling of the insulating film 3 or the like to be 
prevented and allows the machining pattern on the tool surface 
to be maintained at high precision over long periods of time. 

(0038) Moreover, employing electrochemical machining using 
an electrode tool illustrated in the above first through third 
modes of embodiment for formation of dynamic grooves of 
dynamic bearing devices makes it possible to efficiently pro- 
duce dynamic bearing conponents with a specific machining 
precision. Furthermore, these electrode tools reduce the work 
for replacing electrode tools due to peeling of the insulating 
film or die like, as well as reducing tiie occurrence of defects 
and the like, thus making it possible to achieve an overall cost 
reduction for the dynamic bearing device. 

(0039) 

(Effect of the invention) As described in detail above, the elec- 
trode for electrochemical machining of the present invention 
enqjloys a film consisting of an electrodeposition coating ma- 
terial as the insulating film covering the regions of the 
electrode (electrode tool) surface other than the conductive 
areas, t hereby a Ho wing the strength o f a dhesion b etween the 
substrate and flie insulating film to be increased. Furthermore, 
it is difficult for electrolyte solution to penetrate to the surface 
of adhesion between them and the occurrence of damage such 
as peeling is reduced, thereby allowing the machining pattern 
of the electrode tool surface to be maintained over long periods 
of time. 

(0040) Moreover, making the electrode tool surface flush by 
polishing or the like reduces the shear forces received by the 
insulating fihn due to flow of the electrolyte solution and al- 
lows the electrolyte solution to flow smooflily, which can also 



have the effect of improving the machining precision. 
(0041) In addition, since the electrode tool of the present in- 
vention can stably maintain a specific machining precision, 
employing electrochemical machining using an electrode tool 
of the present invention for formation of dynamic grooves that 
require high precision machining makes it possible to effi- 
ciently product dynamic bearing components with a specific 
machining precision. Moreover, since work for replacing elec- 
trode tools or the like due to peeling of the insulating film, etc. 
is reduced, as is the occurrence of defects and the like, it be- 
comes possible to achieve an overall cost reduction for the 
dynamic bearings assembled using these components. 
(Brief description of the drawings) 

(Figure 1) A schematic cross-section illustrating the structure 
of an electrode tool in a first mode of embodiment of this in- 
vention. 

(Figure 2) A schematic representing the manufacturing method 
of the electrode tool in the first mode of embodiment. 
(Figure 3) A schematic cross-section illustrating the structure 
of an electrode tool in a second mode of embodiment of this 
invention. 

(Figure 1) 
[see source for figures] 
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(Figure 4) A schematic cross-section illustrating the structure 
of an electrode tool in a third mode of embodiment of this in- 
vention. 

(Figure 5) A schematic representing the manufacturing method 
of liie electrode tool in the third mode of embodiment. 
(Figure 6 ) A s chematic c ross-section i llustrating e xamples o f 
tiie structure of electrodes used in conventional electrochemi- 
cal machining. 
(Description of symbols) 

I Substrate 

la Conductive area 
lb Depression 
2, 3 Insulating film 

2a, 3a Electrodeposition coating film 
3b Nonconductive material film 

I I Substrate 

11a Conductive area 
1 lb Depression 

12, 13 Insulating film (nonconductive material fitai) 



(Figure 2) 



(Figure 3) 



Figure 4 



(Figure 5) 
[see source for figures] 
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(Figure 6) 
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